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The mechanism of pigmentation in avian eggs has been given little account of, 
although fluorescent porphyrin pigments were presented in the coverings of eggs of 
various kinds of birds (FISCHER and KOGL, 1923; l) TURCHINI, 1924; ZJ FURREG, 
1931; 3) KLOSE and ALMQUIST, 1937; 4 ) TAMURA et al., 1965 5)). TURCHIN! (1924?) 
reported the occurrence of a porphyrin in the uterus of chicken oviducts, however, 
his description was neither detailed, nor refered to the process of its deposition to 
eggs. TAMURA et al. (1965 5l, 19666)) reported some relationships between porphyrin 
pigments in the uterus of the quail oviducts and coloration of the cuticle of their 
eggs. 
Recently, the present writers (1967?) examined porphyrin pigments in the 
coverings of eggs of the Rhode Island Red, White Leghorn and quail, and found that 
it was distributed in the cuticles and shells, apart from differences of amounts of 
the pigments. In order to clarify the process of the pigmentation of such egg-
coverings, the writers made a comparative observation amongst the oviducts of the 
Rhode Island Red, White Leghorn and quail, with special reference to the distribu-
tion of fluorescent pigments (porphyrins). 
MATERIALS AND METHODS 
As shown in Table I, oviducts of eleven quails, four Rhode Island Reds and 
seven White Leghorns were used in this investigation. 
Examinations were made macroscopically and microscopically both in ultra-
violet light for fluorescence and in ordinary light for coloration, and the following 
procedures were performed. 
I) Macroscopical examination of coloration of oviducts. 
2) Macroscopical examination of fluorescence of oviducts. 
3) Microscopical examination of fluorescence of uterine tissues m frozen sect-
ions. 
4) Microscopical examination of pigment granules of uterine tissues in frozen 
sections. 
5) Microscopical examination of pigment granules of uterine tissues in paraffin 
sections. 
Ultraviolet light was generated by a mercury lamp (Olympus) and projected 
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Table 1. Cases from which Oviducts Were Obtained 
-
~~ Position Magnum Magnum Isthmus Uterus Oviduct of Egg 
,, 
' 
to After 
Kinds of '~ Isthmus Membrane-~ Shell- I Complete Laid Birds Egg Egg Egg I 
No. 181 No. 235 I No. 182 I 
Rhode Island Red I No. 208 
I 
No. 202 No. 207 No. 236 
I I 
No. 201 
White Leghorn No. 209 No. 203 
I i 
No. 246 I I I I 
'---~--------
No. 101 No. 268 No. 127 I No. 105 I No. 113 ! No. 118 
Quail No. 103 No. 128 No. 106 
I 
No. 119 
I No. 107 I 
I 
to materials through two blue filters. Besides one yellow filter was set on an ocular 
lens in microscopical examination. 
For paraffin sections, specimens of the uterine tissues were fixed in fluid of 
REGAUD's, ZENKER-formalin, LEVI's and 10% neutralized formalin respectively. 
Following the fixation, the specimens were embedded in paraffin, and sectioned 5-
lOp. Unfixed fresh specimens of the uterine tissues were frozen and sectioned 
20-30,lt. 
RESULTS 
Macroscopical Observations 
Brown colorations of various depths were observed on the mucous membrane 
throughout the uterus of the Rhode Island Red, White Leghorn and quail oviducts. 
In accordance with these colored regions, red or pink fluorescences were found. 
The strength of fluorescences was observed in parallel with the depth of their 
colorations. Colorations and fluorescences of the quail uteri were deeper and 
stronger than those of the Rhode Island Red and White Leghorn uteri. Especially, 
the quail uteri belonging to shell formation period presented the most conspicuous 
coloration of blackish-brown and the strongest fluorescence. Those of the Rhode 
Island Red uteri were medial and somewhat deeper and stronger than those of the 
White Leghorn. 
In ultraviolet light, the fluorescence was weaken and faded in a short time. In 
the isthmo-uterine and utero-vaginal junctional regions of every oviduct, the colora-
tion was indefinite, but slight fluorescences were partially observed. 
From macroscopical observations, it was apparent that, these colors of the 
uterine mucous membrane of these birds were revealed by porphyrin pigments on 
account of their fluorescent characters. Moreover, it was noted that, the differences 
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in their colors were found between the quail, Rhode Island Red and White Leghorn 
uteri, and that the coloration was observed, also, in the White Leghorn uteri. 
Microscopical Observations of Frozen Sections 
Distributions of pigment granules and fluorescence& were varied according to 
the kinds of birds. In the sections of the quail uteri at shell formation period, 
strong red fluorescence& were found evenly in the mucous epithelium and, in the 
ordinary light, collected yellow or brown pigment granules were found there. The 
uterine tissues of the quails at the other periods of egg formation, presented weak 
fluorescence&, but the pigment granule was invisible. Neither the fluorescence nor 
the pigment granule was found in the uterine glands of the quails. The fluorescence 
faded quickly and disappeared in the ultraviolet light. Thus, quick examination was 
required, especially in the weakly fluoresced ones, and the photographing of them 
was all the more difficult. 
In the tissues of the Rhode Island Red and White Leghorn uteri, weak fluo-
rescneces of pink colors were observed in the mucous epithelium almost evenly. 
However, distribution of definite pigment granules was not found in such fluoresced 
epithelium. In these uterine glands, the fluorescence and pigment granule were not 
observed. 
Microscopical Observations of Paraffin Sections 
In the quail uterine tissues, various amounts of brown pigment granules were 
found in the apical ciliated cells of the mucous epitheluim. In the sections of the 
uteri belonging to shell formation, the pigment granules were collected in the apical 
cytoplasm of the cells. In the uterine glands, the pigment granule was invisible. 
In the tissues of two Rhode Island Red uteri, a few pigment granules were 
observed in the apical cells of the mucous epithelium. The granules were brown, and 
somewhat larger in diameter than those of the quail tissues. The pigment granule 
was not found in the uterine glands. 
In the tissues of the White Leghorn uteri, the pigment granule was not found 
in the epitheluim. In the uterine glands, the definite pigment granule was not 
observed, but in one case of them, where slightly colored eggs were laid, a few 
pigment-like granules were observed in the glands. 
In the microscopical observation, the fluorescence was observed in the mucous 
epithelium of each uterus. However, the pigment granules were readily observed 
only in some quail uteri belonging to the shell formation period. In the others, 
the pigment granule was not observed in their frozen sections, and through careful 
searching of the paraffin sections, a few pigment granules were visible in the epithe-
lium of the quail and Rhode Island Red uteri. In the uterine glands, the fluores-
cence and pigment granule were invisible. 
DISCUSSION 
The distribution of porphyrin pigments in the egg-coverings of various kinds 
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of birds was proved by the investigations of FISCHER and KOGL (1923)1l in the 
shells of eggs of various kinds of birds, of KLOSE and ALMQUIST (1937Yl in the 
shell-membrane of chicken eggs, and of TAMURA et al. (1965)5l in the cuticle of 
quail eggs. 
Nevertheless, only a few workers refered partially to the mechanism of pig-
mentation in their egg-coverings (GIERSBERG, 1921 8); TURCHIN!, 19242); FURREG, 
1931 3); WARREN and CONRAD, 19429); WOODARD and MATHER, 196410); TAMURA et 
al., 1965 5>, 1966 6>). Amongst these investigators, TAMURA et al. found that the 
cuticular pigment of quail eggs originated from the apical ciliated cells of the 
uterine mucous epithelium by histological as well as spectrophotomecal examina-
tions. 
Recently, the present writers (1967)7) examined the pigment distribution in 
each layer of the coverings of quail eggs as conspicuously colored materials, in 
that of Rhode Island Red eggs as medially, and in that of White Leghorn eggs as 
scarcely. And they found that the cuticles and shells of these eggs were pigmentat-
ed with fluorescent pigments (porphyrins). 
In this study, the writers clarified distributions of fluorescent pigments in the 
uteri of these various kinds of birds, that is; on the mucous membrane of each 
uterus of the quail, Rhode Island Red and White Leghorn oviducts, there were 
found evenly distributed fluorescences of red to pink colors and coloration of deep 
to light brown. Therefore, it was apparent that, porphyrin pigments characteristic 
of their red fluorescences were distributed, in various densities, in the uteri of these 
oviducts. 
In frozen sections of these uterine tissues, such fluorescences were observed in 
the mucous epithelium of each material, but not in the uterine glands. Brown 
pigment granules were visible in frozen sections of some of these materials. How-
ever, in the others, they were invisible. Namely, only in the quail uteri at the 
period of shell formation, the pigment granules were readily observed, and they 
were visible with careful examination of paraffin sections of the quails at the other 
periods of egg formation and ones of two Rhode Island Reds. But they were invis-
ible in the uteri of the other Rhode Island Reds and the White Leghorns. 
The fixatives used in this study had been reported as effective for preservation 
of porphyrin pigments (TAMURA et al., 1965 5>). Histochemical staining method of 
porphyrin pigments has not been demonstrated, and the examination of red fluores-
cences in ultraviolet light is regarded as only one specific method for it in tissue 
sections (PEARSE, 1961 11>). Therefore, as above mentioned, it could be concluded 
that, although the pigment granules were visible in some materials, but invisible in 
the others, "porphyrins" were distributed in the mucous epithelium of the uterus of 
these three kinds of birds, and that the substance was not distributed in the uterine 
glands for lack of the fluorescence and the pigment granule. 
Moreover, these results of the fluorescent pigments were closely related to those 
of the egg-coverings, that is; they were conspicuous in the quail eggs, medial in 
the Rhode Island Red eggs, and scarce in the White Leghorn eggs (TAMURA and 
Fum, 19677>). 
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For explanations of the fact that, whereas fluorescences were observed in the 
mucous epithelium in all materials, "pigment granules" were detected in some cases 
of them, and for that of the relationships between these uterine pigments and the 
egg-coverings, such detailed examinations as electronmicroscopical observations of 
the structure of porphyrins are necessary. 
KLOSE and ALMQUIST (1937)4) found porphyrins in the shell-membrane of the 
chicken eggs. Previously (l967?l, the present writers could neither locate it in the 
shell-membranes of the Rhode Island Red, White Leghorn and quail eggs, nor could 
find it in the isthmus of their oviducts in this study. 
SUMMARY 
Macroscopical and microscopical observations were made on the oviducts of 
the Rhode Island Red, White Leghorn and quail, with special reference to porphyrin 
pigments. The results obtained are summarized as follows. 
Macroscopically, the mucous membrane of the uterus in each bird was colored 
in various brown and fluoresced red to pink. The brightness of fluorescences was 
related with the depth of the colorations, and they were distinct in the quail uteri, 
showing dark brown coloration and red fluorescence, and were moderate, showing 
light brown and pinkish fluorescence, in the Rhode Island Red and White Leghorn 
uteri. 
In frozen sections, distinct fluorescence and collected brown pigment granules 
were observed in the mucous membrane of the uterus in some cases of the quails. 
In the uteri of the others, weak fluorescences were observed, but the pigment granule 
was unobservable. 
Through the careful searching in the paraffin sections, the pigment granules 
were revealed in the mucous epithelium of the quail and Rhode Island Red uteri. 
Neither the fluorescence nor the pigment granule was found in the uterine gland in 
each material. 
From these findings, it was concluded that fluorescent porphyrin pigments were 
distributed in the mucous epithelium of the uterus in the quail, as well as the 
Rhode Island Red and the White Leghorn, although "pigment granule" was invisi-
ble in the sections of the White Leghorn uteri. 
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EXPLANATION OF PLATE 
ABBREVIATIONS 
I, isthmus and isthmo-uterine junction 
U, uterus 
V, vagina 
Figures 1 to 6 are macroscopical photographs which present the mucous membrane of oviducts, 
especially of the uteri of quail, Rhode Island Red and White Leghorn. 
Fig. 1. Quail, in ordinary light. 
Fig. 2. Quail, in ultraviolet light. 
Fig. 3. Rhode Island Red, in ordinary light. 
Fig. 4. Rhode Island Red, in ultraviolet light. 
Fig. 5. White Leghorn, in ordinary light. 
Fig. 6. White Leghorn, in ultraviolet light. 
Fig. 7. Mucous epithelium of the uterus of quail. Numerous pigment granules are possessed in 
the apical cytoplasm of apical ciliated cells. REGAUD's fixation, paraffin section. x 1,000. 
Fig. 8. Mucous epithelium of the uterus of Rhode Island Red. A few pigment granules are visible 
in the same cells as quail. REGAUD's fixation, paraffin section. x 1,000. 
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